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DESCRIPTION 

LIGHT SENSOR, AND DETECTING MECHANISM AND 



LIGHT-MEASURING MECHANISM IN ANALYZING DEVICE 
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TECHNICAL FIELD 

The present invention relates to a technique for 
analyzing a specific component of a sample with use of 
a test tool . 

10 

BACKGROUND ART 

For analyzing a specific component contained in 
a sample , use may be made of an optical method . An example 
of such is one that utilizes a color reaction occurring 

15 in a test tool. In this kind of analysis, the degree 
of coloration occurring on the test tool may be checked 
with eyes. However, when the concentration of a specific 
component is analyzed quantitatively, an appropriate 
analyzing device is used. 

20 Some analyzing devices are designed to begin 

automatic measurement for the amount of specific 
component after a test tool has been set in the device. 
Such an analyzing device, as shown in Fig. 17, includes 
a light source 99 2 for irradiating a reagent pad 991 of 

25 the test tool-990, and a light-receiving unit 993 for 
receiving the scattered light from the reagent pad 991, 
whereby analysis of the sample is performed on the basis 
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of the quantity of light received by the light-receiving 
unit 993 (see JP-A-H 0 9 - 1 4 5 6 1 3 , for example). 

In the illustrated example, the test tool 990 is 
irradiated directly with the light from the light source 
5 .992, and the scattered light from the test tool 990 is 
received directly in the light-receiving unit 993. 
Hence, for the scattered light from the test tool 990 
to be received, the light source 992 and the 
light-receiving unit 993 need be disposed such that the 

10 light reception axis S2 of the light-receiving unit .993 
is inclined relative to the light emission axis SI of 
the light source 992. Accordingly, the distance between 
the light source 992 and the 1 ight - receiving unit 993 
tends to be large, thereby making it difficult to reduce 

15 the size of a light-measuring mechanism employing the 
above method, and hence the size of the analyzing device 
incorporating the light-measuring mechanism . Moreover, 
since scattered light is received, the quantity of light 
received in the light-receiving unit 993 is small. 

20 Unfavorably, this increases the likelihood of 
measurement errors. 

Meanwhile, for an analyzing device to perform 
automatic quantity measurement, the analyzing device 
needs to recognize that a test tool has been supplied. 

25 Typically, such recognition of a test tool is 
automatically performed in the analyzing device, though 
it is also possible to arrange that the recognition is 



initiated by the user operating an operation switch on 
the device. 

Typically, the automatic recognition (detection) 
of the test tool in the analyzing device is attained 
5 through a light sensor. An example of such a light sensor, 
shown in Fig. 18, uses scattered light from a test tool 
994. In the illustrated example, the light source 995 
emits light toward a target site in which the test tool 
994 is to be placed. When scattered light from the target 
10 site is received by the light-receiving unit 996, it is 
determined that the test tool 994 is placed in the target 
site. 

However, with the above detection method, 
reflection light is received in the 1 ight -receiving unit 

15 996 not only when the test tool 994 is placed in the target 
site, but also when the user' s hand passes over the target 
site or the test tool 994 is brought above the target 
site. In such cases, the analyzing device may 
erroneously recognize that the test tool 994 has been 

20 properly set in the target site, and begin an analysis 
operation . 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to reduce 
25 the size of a light sensor that may be used as a 
light-measuring mechanism of an analyzing device, and 
thereby reducing the overall size of the analyzing device 



incorporating such a light-measuring mechanism. 

Another object of the present invention is to 
prevent erroneous detection in detecting a test tool in 
an analyzing device employing an optical method. 
5 A first aspect of the present invention provides 

a light sensor comprising: one or more light-emitting 
units for emitting light onto a target object; and one 
or more light-receiving units for receiving reflection 
light from the target object. The one or more 

10 light-emitting units and the one or more light-receiving 
units are disposed such that a light emission axis of 
the one or more light-emitting units and a light reception 
axis of the one or more light-receiving units are parallel 
or substantially parallel to each other. 

15 A second aspect of the present invention provides 

a light -measuring mechani sm for a test tool, compr i s ing : 
one or more light-emitting units for emitting light onto 
a test tool used for analyzing a sample; and one or more 
light-receiving units for receiving reflection, light 

20 from the test tool. The one or more light -emit ting units 
and. the one or more light-receiving units are disposed 
such that a light emission axis of the one or more 
light-emitting units and a light reception axis of the 
one or more light-receiving units are parallel or 

25 substantially parallel to each other. 

Preferably, the light sensor or light-measuring 
mechanism of the present invention may further comprise 



a light guide for regulating a path of at least one of 
light traveling toward the target object (test tool) from 
the one or more light-emitting units and light traveling 
toward the one or more light-receiving units from the 
target object (test tool) . 

Preferably, the light guide may comprise: one or 
more first entrance areas for introducing light emitted 
from the one or more light-emitting units into the light 
guide; one or more first output areas for outputting the 
light introduced into the light guide toward the target 
object (test tool); one or more second entrance areas 
for introducing reflection light from the target object 
(test tool) into the light guide; and one or more second 
output areas for outputting the light reflected by the 
target object (test tool) and then introduced into the 
light guide toward the one or more light^receiving units. 
In this instance, at least one area of the one or more 
first entrance areas, the one or more first output areas, 
the one or more second entrance areas, and the one or 
more second output areas may be arranged to refract light 
passing through the above-mentioned at least one area. 

The light guide may comprise a lens or a prism, 
for example . 

The one or mor.e first output areas and the one or 
more second entrance areas may be formed as planar 
surfaces that are orthogonal or substantially orthogonal 
to the light emission axis of the one or more 
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light- emitting units . 

The light guide may comprise a core portion 
extending along the light emission axis, and an outer 
shell portion having a lower refractive index than the 
5 core portion and surrounding the core portion. In this 
case, the outer shell portion may function as a cladding 
layer, and thus the entire light guide may be constituted 
as an optical fiber . 

The light guide may also be arranged such that it 
10 comprises an optical fiber, portion extending along the 
light emission axis, and an outer shell portion 
surrounding the optical fiber portion. 

The light sensor and the light-measuring mechanism 
of the present invention may further comprise a light 
15 shield for causing light that is reflected by the target 
object (test tool) at a target angle, among the light 
reflected by the target object (test tool) , to enter the 
one or more light-receiving units selectively. In this 
case, the target angle may be set to 45 degrees or 
20 substantially 45 degrees, for example. 

The light shield may be formed with an opening for. 
selectively exposing the one or more first output areas 
and the one or more second entrance areas. 

The light shield may comprise an annular part 
25 surrounding the periphery of at least one of the one or 
more first output areas andthe one or more second entrance 
areas, for example. 
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When the one or more first output areas or the one 
or more second entrance areas of the light guide comprise 
a plurality of first output areas or a plurality of second 
entrance areas, the light shield may be formed with an 
5 opening for exposing the plurality of first output areas 
or the plurality of second entrance areas successively. 

When the one or more light-emitting units are 
constituted by a single light-emitting unit, and the one 
or more light-receiving units are constituted by a 

10 plurality of light-receiving units, the plurality of 
light-receiving units may be disposed so as to surround 
the single light-emitting unit. When the one or more 
light-emitting units are constituted by a plurality of 
light-emitting units, and the one or more light-receiving 

15 units are constituted by a single light -receiving unit, 
the plurality of light-emitting units may be disposed 
so as to surround the single light-receiving unit. In 
this case, the plurality of light-emitting units may 
preferably comprise two or more light-emitting units 

20 which emit light having different peak wavelengths. 

Preferably, the one or more light-receiving units 
may be arranged to receive scattered light reflected by 
the object (test tool) among the light emitted from the 
one or more light-emitting units. 

25 The light sensor and the light-measuring mechanism 

of the present invention may compri se a wavelength 
selection portion for selecting the wavelength of the 



light to be introduced into the one or more 
light-receiving units, or may comprise a wavelength 
selection portion for selecting the wavelength of light 
emitted from the one or more light -emit ting units. The 
5 wavelength selection portion may comprise an 
interference filter or a color filter, for example. 

A third aspect of the present invention provides 
a detecting mechanism of a test tool for detecting whether 
or not a test tool exists in a target area. The mechanism 

10 comprises a light-emitting unit for emitting light toward 
the target area, and a light-receiving unit for receiving 
reflection light from the test tool. The 
light-receiving unit is constituted to receive light that 
is reflected regularly by the test tool selectively, 

15 among the light emitted by the light-emitting unit. 

A fourth aspect of the present invention provides 
a detecting mechanism of a test tool for detecting whether 
or not a test tool exists in a target area, the mechanism 
comprising a light-emitting unit for emitting light 

20 toward the target area, and a light-receiving unit for 
receiving reflection light from the test tool. The 
detecting mechanism is constituted such that at least 
one of the light traveling toward the target area from 
the light-emitting unit and the light traveling toward 

25 the light-receiving unit from the target area is 
ref ract ed . 

The detecting mechanism of the present invention 
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may further comprise a light guide for regulating the 
path of at least one of the light traveling toward the 
target area from the light-emitting unit and the light 
traveling toward the light-receiving unit from the target 
5 area. 

The light guide may comprise: a first entrance area 
for introducing light emitted from the light-emitting 
unit into the light guide; a first output area for 
outputting the light introduced into the light guide from 

10 the light-emitting unit toward the target area; a second 
entrance area for introducing reflection light from the 
test tool into the light guide; and a second output area 
for outputting the light reflected on the test tool and 
then introduced into the light guide toward the 

15 light-receiving unit. In this case, at least one area 
of the first entrance area, first output area, second 
entrance area, and second output area may preferably be 
constituted to refract light passing through the 
above-mentioned one area. 

20 The light guide may comprise a prism or a lens, 

for example. Typically, the light guide comprises a 
cylindrical lens or a Fresnel lens. 

The light guide may comprise a lens having an 
irregular surface, and a cover used for covering the 

25 irregular surface to make flat the upper surface of the 
light guide. An example of a lens having an irregular 
surface is a Fresnel lens. 



Preferably^ the light-emitting unit may comprise 
a light-emitting diode. 

A fifth aspect of the present invention provides 
an analyzing device comprising: a light-measuring 
5 mechanism that includes one or more light-emitting units 
for emitting light onto a test tool used for analyzing 
a sample, and one or more light-receiving units for 
receiving reflection light from the test tool; and a 
detecting mechanism for detecting whether or not a test 

10 tool exists in a target area, including a light-emitting 
unit for emitting light onto the test tool, and a 
light-receiving unit for receiving reflection light from 
the test tool. The one or more light-emitting units and 
one or more light-receiving units of the light-measuring 

15 mechanism are disposed such that a light emission axis 
of the light-emitting units and a light reception axis 
of the light-receiving units are parallel or 
substantially parallel to each other. The 
light-receiving unit of the detecting mechanism is 

20 constituted to receive light that is reflected regularly 
by the test tool selectively, among the light emitted 
by the light-emitting unit of the detecting mechanism. 

In the present invention, the term "light emission 
axis" denotes an axis extending in the direction of the 

25 largest quantity of emitted light over the distribution 
of the light quantity emitted from the light-emitting 
unit. The term "light reception axis", denotes an axis 
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extending along the normal at a point where the quantity 
of received light is the largest over the the distribution 
of the light quantity received in the light-receiving 
unit . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overall perspective view showing an 
example of an analyzing device according to the present 
invent ion; 

Fig. 2 is a perspective view showing the interior 
constitution of the analyzing device shown in Fig. 1; 

Fig. 3 is a sectional view along a line III-III 
in Fig. 2 ; 

Fig. 4 is a sectional view along a line IV-IV in 
Fig. 2; 

Fig. 5 is a sectional view along a line V-V in Fig. 

2; 

Fi^g j^ 6 is a sectional view along a line VI-VI in 
Fig. 2; 

.Jli ^. 7 is a sectional view along a line VII-VII 
in Fig. 2 ; 

Fig. 8 is a perspective view showing the main parts 
of a light-measuring mechanism; 

_F i g , 9 i s a sectional view illustrating the workings 
of the light-measuring mechanism; 

J" i g s^ 1, 0 A iig_ l^E are sectional views showing other 
examples of a detecting mechanism;. 
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F i,q_, _ 1 1 is a perspective view showing another 



example of a light sensor in the light-measuring 
mechanism; 

Fig. 12 is a sectional view along a line XII-XII 
in Fig. 11; 

Figs. 13A to 13C are sectional views showing further 



examples of the light sensor in the light-measuring 
mechanism; 



Fig. 14A is a sectional view showing a further 



example of the light sensor in the light-measuring 
mechanism, and Fig. 14B is a bottom view of the light 
sensor shown in Fig. 14A; 



examples of the light sensor in the light-measuring 
mechanism; 

Fig. 16 is a sectional view of a light sensor 
illustrating another example of light-shielding means; 

Fig. 17 is a schematic view illustrating an example 
of a conventional light-measuring mechanism; and 



of conventional detecting means for detecting a test 
tool . 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to Figs. 1 and 2, an analyzing device 
1 includes a housing 2, in which a stage 3, a detecting 
mechanism 4, a conveying mechanism 5, and a 





15A and 15B are bottom views showing further 



JFig . 1 8 is a schematic view illustrating an example 
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light-measuring mechanism 6 are provided. As clearly 
shown in Fig. 1, a plurality of operating buttons 20 and 
a display 21 are provided on the housing 2 together with 
an introduction portion 22 for placing a test tool 7 on 
5 the stage 3. The introduction portion 22 is formed as 
a cutout that communicates with the interior of the 
housing 2 and exposes a part of the stage 3. As shown 
in Fig. 2, for the test tool 7, use is made of a strip-like 
base 70 upon which a plurality of reagent pads 71 are 
10 arranged at intervals in the longitudinal direction of 
the base 70. Each reagent pad 71 contains a reagent which 
develops color in response to a specific component of 
a sample . 

The stage 3 comprises a guide portion 30 for guiding 
15 the movement of a sliding block 50 of the conveying 
mechanism 5 to be described below^ and also comprises 
a recess 31 for exposing the lower surface of the test 
tool 7 placed on the stage 3. A prism 42 of the detecting 
mechanism 4, to be described below, is disposed in the 
20 recess 31. The stage 3 is provided with a placement area 
32 and a light-measuring area 33. The placement area 
32 is an area in which the test tool 1, introduced into 
the interior of the housing 2 through the introduction 
portion 22 (see Fig. 1) , is placed. The light-measuring 
25 area 33 is an area in which a specific component of a 
sample supplied onto the reagent pad 71 is subjected to 
light-measurement by the light-measuring mechanism 6. 
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The detecting mechanism 4 determines whether or 
not the test tool 7 is placed in the placement area 32, 
and comprises a light-emitting unit 40, a light-receiving 
unit 41, and the prism 42 serving as a light guide, as 
5 shown in Fig. 3. 

The light-emitting unit 40 emits light toward the 
upper side of the stage 3 such that when the test tool 
7 is placed in the placement area 32, the rear surface 
of the test tool 7 is irradiated with the light. The 

10 light-emitting unit 40 is fixed to the prism 42 so that 
a light emission axis LI faces the thickness direction 
(the vertical direction in Fig. 3) of the stage 3. The 
light-receiving unit 41 receives light traveling from 
the upper side of the stage 3, and is fixed to the prism 

15 42 so that a light reception axis L2 is parallel or 
substantially parallel to the light emission axis LI of 
the light-emitting unit 40. The light-emitting, unit 40 
comprises a light-emitting diode, for example, while the 
light-receiving unit 41 comprises a photodiode, for 

20 example. The light-emitting unit 40 and the 

light-receiving unit 41 need not necessarily be fixed 
to the prism 42, and the detecting mechanism 4 may be 
constituted separately from the prism 42. 

The prism 42 comprises light-guiding portions 43, 

25 44, and is entirely transparent. The light-guiding 
portions 43, 44 are separated by a slit 45. The slit 
45 is provided to prevent light from the light-emitting 



unit 40 from being received directly in the 
light-receiving unit 41. 

The light-guiding portion 43 comprises a recess 
46 into which the light-emitting unit 40 is fitted and 
5 fixed. The bottom surface of the recess 46 constitutes 
an entrance surface 4 6A for introducing light from the 
light-emitting unit 40 into the interior of the 
light-guiding portion 43. The entrance surface 46A is 
orthogonal to the light emission axis LI. The 

10 light-guiding portion 4 3 also comprises an output surface 
43A for outputting light from the interior of the 
light-guiding portion 43 toward the upper side of the 
stage 3. The output surface 43A is formed as an inclined 
plane in relation to the light emission axis LI (light 

15 reception axis L2), and serves to refract light passing 
through the output surface 43A. 

Meanwhile, the 1 ight -guiding portion 44 comprises 
an entrance surface 44A for introducing reflection light 
from the test tool 7 into the interior of the light-guiding 

20 portion 44. The entrance surface 44A is formed as a plane 
having an opposite incline to the output surface 43A in 
relation to the light reception axis L2 (light emission 
axis LI), and serves to refract light passing through 
the entrance surface 44A. More specifically, of the 

25 light emi t ted toward the upper side of the stage 3 from 
the output surface 43A, the entrance surface 44A conducts 
regular reflection light from the test tool 7, placed 



in the placement area 32 of the stage 3, through the 
interior of the light-guiding portion 44 along the light 
reception axis L2 . The light-guiding portion 44 also 
comprises a recess 47 into which the light-receiving unit 
5 41 is fitted and fixed. The bottom surface of the recess 
47 constitutes an output surface 47A for outputting light 
from the interior of the light-guiding portion 44 toward 
the light-receiving unit 41. The output surface 47A is 
orthogonal to the light reception axis L2 . 

10 In the detecting mechanism 4, light emitted from 

the light-emitting unit 40 is introduced into the 
light-guiding portion 43 through the entrance surface 
46A, travels along the light emission axis LI, and is 
then outputted from the light-guiding portion 43 toward 

15 the upper side of the stage 3 through the output surface 
43A. When the test tool 7 is not present in the placement 
area 32 of the stage 3, the light outputted from the 
light-guiding portion 43 is not received in the 
light-receiving unit 41. In contrast, when the test tool 

20 7 is placed in the placement area 32, the rear surface 
of the test tool 7 is irradiated with the light output 
from the light-guiding portion 43, and the resulting 
reflection light enters the entrance surface 44A of the 
light-guiding portion 44. Of the light entering the 

25 entrance surface 44A, light that is reflected regularly 
on the rear surface of the test tool 7 is selectively- 
introduced into the light-guiding portion 4 4 . The light 
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introduced into the 1 ight -guidi ng portion 44 travels 
along the light reception axis L2, and is then outputted 
from the output surface 47A and received in the 
light-receiving unit 41. 
5 Thus, in the detecting mechanism 4, regular 

reflection light produced when the test tool 7 is placed 
in the placement area 32 is actively introduced into the 
light-guiding portion 44 of the prism 42 and received 
in the light-receiving unit 41. Accordingly, when the 

10 test tool 7 is not placed in the placement area 32, for 
example when the test tool 7 is positioned above the 
placement area 32 as shown by the virtual lines in Fig. 
3, the resulting regular reflection light is not 
introduced into the prism 42 . As a result, the situations, 

15 in which the detecting mechanism 4 mistakenly detects 
the presence of the test tool 7 even though the test tool 
7 is not placed in the placement area 32, can be 
suppressed . 

A light-emitting diode has lower directivity than 
20 a laser diode. Therefore, by employing a light-emitting 
diode as the light-emitting unit 40 of the detecting 
mechanism 4 , light from the light -emit ting unit 40 widens 
when outputted from the light-guiding portion 43, as 
shown in Fig. 4. Hence, by employing a light-emitting 
25 diode as the light-emitting unit 40, light can be emitted 
in a comparatively wide range, enabling an increase in 
the range in which the presence of the test tool 7 can 



be detected. As a result, the test tool 7 can be detected 
even when a user places the test tool 7 manually such 
that the test tool 7 is not positioned with exactitude, 
thereby lessening the burden on the user when placing 
5 the test tool 7. 

In the detecting mechanism 4, the light-emitting 
unit 40 and light-receiving unit 41 are disposed such 
that the light emission axis LI and light reception axis 
L2 are parallel to each other. In so doing, the distance 

10 between the light-emitting unit 40 and light-receiving 
unit 41 can be reduced in comparison with a constitution 
in which the light-emitting unit and light-receiving unit 
are disposed such that the light emission axis and light 
reception axis are not parallel to each other. As a 

15 result, a reduction in the size of the detect ing mechanism 
4, and a corresponding reduction in the size of the 
analyzing device 1, can be achieved. 

As shown in Figs. 2 and 5, the conveying mechanism 
5 serves to move the test tool 7 from the placement area 

20 32 to the 1 ight -measuring area 33 of the stage 3. The 
conveying mechanism 5 comprises the sliding block 50, 
which is capable of a reciprocating motion over the upper 
surface of the stage 3 in a direction indicated by arrows 
Dl, D2 in the drawings, and a guiding rod 51 for causing 

25 the slidingblock 50 to perform this reciprocating motion . 
The sliding block 50 comprises an interfering portion 
50A which slides over the upper surface of the stage 3, 
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and a connecting portion SOB connected to the guiding 
rod 51 so as to be capable of moving relative thereto. 
A through hole 50b formed with a thread groove (not shown) 
on its inner surface is provided in the connect ing port ion 
50B, A thread ridge (not shown) is formed on the surface 
of the guiding rod 51, and hence the guiding rod 51 is 
screwed to the sliding block 50 via the through hole 50b- 
Thus, by rotating the guiding rod 51, the sliding block 
50 can be moved according to the rotational direction 
of the guiding rod 51. The guiding rod 51 is rotated, 
for example, by linking the guiding rod 51 to a power 
source such as a motor, not shown in the drawing, and 
using the output of the power source. By rotating the 
guiding rod 51 in a predetermined direction such that 
the sliding block 50 is moved in the direction of the 
arrow Dl in the drawings, the test tool 7 can be moved 
from the placement area 32 to the light-measuring area 
33 . 

As shown in Figs. 2, 6, and 7, the light-measuring 
mechanism 6 optically measures the degree of coloration 
of the reagent pads 71 on the test tool 7. The 
light-measuring mechanism 6 comprises a slider 60 capable 
of a reciprocating motion along the surface of the stage 
3 in a direction indicated by arrows D3, D4 in the drawings, 
a guiding rod 61 for causing the slider 60 to perform 
this reciprocating motion, and the light sensor 8 carried 
on the slider 60. 
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The slider 60 comprises a through hole 60b formed 
with a thread groove (not shown) on its inner surface. 
A thread ridge (not shown) is formed on the surface of 
the guiding rod 61, and hence the guiding rod 61 is screwed 
to the slider 60 via the through hole 60b. Thus, by - 
rotating the guiding rod 61, the slider 60, and 
accordingly the light sensor 8, can be moved in the 
direction of the arrows D3, D4 in the drawings in 
accordance with the rotational direction of the guiding 
rod 61. The guiding rod 61 is rotated, for example, by 
linking the guiding rod 61 to a power source such as a 
motor, not shown in the drawing, and using the output 
of the power source. 

As shown in Figs. 7 and 8, the light sensor 8 
comprises a light-emitting unit 80, a 1 i gh t - r e ce i ving 
unit 81, and a prism 82. 

The light-emitting unit 80 emits light toward the 
stage 3, and is fixed to the prism 82 such that a light 
emission axis L3 extends in the thickness direction (the 
vertical direction in Fig. 7) of the stage 3. The 
light-receiving unit 81 receives light traveling from 
the stage 3, and is fixed to the prism 82 such that a 
light reception axis L4 is parallel or substantially 
parallel to the light emission axis L3 of the 
light-emitting unit 80. The light-emitting unit 80 
comprises a light-emitting diode, for example, while the 
light-receiving unit 81 comprises a photodiode, for 
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example . 

The prism 82 comprises a light-guiding portion 83 
and a light-guiding portion 84, and is entirely 
transparent. These areas 83, 84 are separated by a slit 
5 85 . The slit 85 is provided to prevent light from the 
light-emitting unit 80 from being received directly in 
the light-receiving unit 81. 

The light-guiding portion 83 comprises a recess 
86 into which the light-emitting unit 80 is fitted and 

10 fixed. The bottom surface of the recess 86 constitutes 
an entrance surface 86A for introducing light from the 
light-emitting unit 80 into the interior of the 
light-guiding portion 83. The entrance surface 86A is 
orthogonal to the light emission axis L3. The 

15 light-guiding portion 8 3 also comprises an output surface 
83A for outputting light from the interior of the 
light-guiding portion 83 toward the test tool 7. The 
output surface 83A is formed as an inclined plane in 
relation to the light emission axis L3 (light reception 

20 axis L4), and serves to refract light passing through 
the output surface 83A. 

Meanwhile, the light-guiding portion 84 comprises 
an entrance surface 84A for introducing light from the 
test tool 7 into the interior of the light-guiding portion 

25 84 . The entrance surface 84A is orthogonal to the light 
reception axis L4 (light emission axis L3). More 
specifically, of the light emitted toward the test tool 



7 from the output surface 83A^ the entrance surface 84A 
conducts scattered light from the test tool 7, traveling 
along the light reception axis L4, through the interior 
of the light -guiding portion 84 along the light reception 
5 axis L4 without refracting the light. The light-guiding 
portion 84 also comprises a recess 87 into which the 
light-receiving unit 81 is fitted and fixed. The bottom 
surface of the recess 87 constitutes an output surface 
87A for outputting light from the interior of the 

10 light-guiding portion 8 4 toward the light-receiving unit 
81. The output surface 87A is orthogonal to the light 
reception axis L4 . 

The light sensor 8 is moved in the direction of 
the arrows D3, D4 in the drawing (the length direction 

15 of the test tool 7) together with the slider 60 by rotating 
the guiding rod 61. Hence in the 1 ight -measuring 
mechanism 6, by emitting light from the light-emitting 
unit 80 while moving the light sensor 8 in the length 
direction of the test tool 7, all of the plurality of 

20 reagent pads 71 can be irradiated with light. At the 
same time, the scattered light from each reagent pad 71 
can be received in the light-receiving unit 81. 

In the light-measuring mechanism 6 (light sensor 
8) described above, the light-emitting unit 80 and 

25 light-receiving unit 81 are disposed such that the light 
emission axis L3 and light reception axis L4 are parallel 
to each other. In so doing, the distance between the 
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light-emitting unit 80 and light-receiving unit 81 in 
the light sensor 8 can be reduced in comparison with a 
constitution in which a light-emitting unit 80* and the 
light-receiving unit 81 are disposed such that a light 
5 emission axis L3 ' and the light reception axis L4 are 
not parallel to each other^ as shown by the virtual lines 
in Fig. 9. As a result, a reduction in the size of the 
light sensor 8, and a corresponding reduction in the size 
of the light-measuring mechanism 6 and the analyzing 

10 device 1, can be achieved. 

In the illustrated light sensor 8, the output 
surface 83A is inclined in relation to the light emission 
axis L3 (light reception axis L4), while the entrance 
surface 84A is orthogonal to the light reception axis 

15 L4 (light emission axis L3). However, the output surface 
may be orthogonal to the light emission axis L3 (light 
reception axis L4) and the entrance surface 84A inclined 
in relation to the light reception axis L4 (light emi s s i on 
axis L3) , or both the output surface and entrance surface 

20 may be inclined in relation to the light emission axis 
L3 and light reception axis L4 . 

The present invention is not limited to the 
embodiment described above. For example, constitutions 
such as those shown in Figs. lOA to lOE may be employed 

25 as a detecting mechanism, and constitutions such as those 
shown in Figs. 11 to 16 may be employed as a light sensor. 

In a detecting mechanism 4A shown in Fig. lOA, the 
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light guide is constituted as a prism 42A^ where the prism 
42A corresponds in arrangement to the prism 42 of the 
detecting mechanism 4 (see Fig. 3, for example) turned 
upside down. 

5 In a detecting mechanism 4B shown in Fig. lOB, the 

light guide is constituted as a cylindrical lens 428. 

In a detecting mechanism 4C shown in Fig. IOC, the 
light guide is constituted as a Fresnel lens 42C. The 
Fresnel lens 42C comprises a plurality of protruding 

10 portions 42Ca such that its upper surface is irregular. 
The detecting mechanism 4C also comprises a cover 42Cb 
covering the protruding portions 42Ca. Thus the upper 
surface of the detecting mechanism 4C is made planar. 

In a detecting mechanism 4D shown in Fig. lOD, a 

15 cover 42Db is formed integrally with the upper surface 
(irregular surface) of a Fresnel lens 42D. The upper 
surface of this detecting mechanism 4D is also planar. 

In the detecting mechanisms 4C, 4D shown in Figs. 
IOC and lOD, the upper surface of the light guide is planar, 

20 and therefore the height dimension of a central portion 
can be reduced in comparison with a case in which the 
upper surface is pointed or curved (see Figs. 3, lOA, 
and lOB) . Thus, with the detecting mechanisms 4C, 4D, 
the dimensions of the detecting mechanisms 4C, 4D can 

25 be reduced. Furthermore, by covering the upper surface 
of the Fresnel lenses 42C, 42Dwith the covers 42Cb, 42Db, 
dust or dirt can be prevented from adhering to the upper 
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surface of the Fresnel lenses 42C, 42D. Moreover, since 
the dust or dirt adheres to the covers 42Cb, 42Db, which 
have fewer irregularities than the Fresnel lenses 42C, 
42D, the dust and dirt can be removed easily. 
5 In a detecting mechanism 4E shown in Fig. lOE, the 

light guide is constituted as a lens 42E combining a 
cylindrical lens and a Fresnel lens. In the detecting 
mechanism 4E also, the upper surface of the lens 42E may 
be covered with a cover. 

10 A light sensor 8A shown in Figs. 11 and 12 comprises 

a single light-emitting unit 90, four light-receiving 
units 91, and a light guide 92 formed in a transparent 
. columnar form. The light guide 92 is formed with an 
annular recess 95 . This recess 95 divides the light guide 

15 92 into a light-guiding, portion 93 and a light-guiding 
portion 94 . 

The light-guiding portion 93 takes a columnar form, 
and comprises a recess 96 to which the light-emitting 
unit 90 is fixed. The light-emitting unit 90 comprises 

20 a white LED, for example. A bottom surface 96A of the 
recess 96 constitutes an entrance surface for introducing 
light emitted from the light-emitting unit 90 into the 
light-guiding portion 93. The entrance surface 96A is 
orthogonal to the light emission axis L3 of the 

25 light-emitting unit 90. The light-guiding portion 93 
also comprises an output surface 93A for outputting light 
from the interior of the light-guiding portion 93 to the 
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outside. The output surface 93Ais constituted as a plane 
that is orthogonal to the light emission axis L3 (parallel 
to the entrance surface 96A) . 

The light-guiding portion 94 takes an annular f orm^ 
5 and comprises an entrance surface 94A which is inclined 
in relation to the light reception axes L4 of the 
light-receiving units 91. The entrance surface 94A is 
constituted as a curved surface. The light-guiding 
portion 94 comprises four recesses 97 to which the 

10 light-receiving units 91 are fixed. The recesses 97 are 
provided concentrically so as to surround the recess 96 
of the light-guiding portion 93. Thus the four 
light-receiving units 91 are disposed so as to surround 
the light-emitting unit 90, and such that the light 

15 reception axes L4 thereof are parallel to the light 
emission axis L3 of the light-emitting unit 90. A bottom 
surface 97A of each recess 97 constitutes an output 
surface for introducing light into the light-receiving 
units 91 . A wavelength selection portion 97B is provided 

20 on the bottom portion of each recess 97.. The four 
wavelength selection portions 97B each transmit light 
of different wavelengths. Accordingly, light of 
different wavelengths is selected in each 
light-receiving unit 91. The wavelength selection 

25 portions 97B are constituted by interference filters or 
color filters, for example. 

In the light sensor 8A, of the light that is emitted 
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from the light-emitting unit 90 and reflected on the 
reagent pads 11, light of different wavelengths is 
received in each light-receiving unit 91. Hence, even 
when the test tool 7 is constituted tomeasure a plurality 
5 of analysis items corresponding to different measurement 
wavelengths, appropriate measurement can be performed 
by setting the wavelength to be selected by the wavelength 
selection portions 97B. 

In the light sensor 8A, the light emission axis 

10 L3 of the light-emitting unit 90 and the light reception 
axis L4 of each light-receiving unit 91 are disposed 
parallel to each other. In so doing, in the light sensor 
8A, the size of the light sensor 8A, and accordingly the 
size of the light-measuring mechanism, can be reduced 

15 in a similar manner to the light sensor 8 (see Figs. 7 
through 9) described above. 

A light sensor 8B shown in Fig. 13A comprises four 
light-emitting units 90' and a single light-receiving 
unit 91' such that the arrangement of the light-emitting 

20 unit and light-receiving units in the light sensor 8A 
(see Figs. 11 and 12) is switched. More specifically, 
the light-receiving unit 91' is disposed in the central 
portion of the light guide 92, and the four light-emitting 
units 90' are disposed so as to surround the 

25 light-receiving unit 91' . The light-emitting units 90' 
and light-receiving unit 91' are disposed so that the 
light emission axis L3 of each light-emitting unit 90' 



is parallel to the light reception axis L4 of the 
light-receiving unit 91*. A wavelength selection 
portion 96B' is provided on the bott om portion of a recess 
96' to which the light-receiving unit 91' is fixed. 
5 Accordingly, only light of a specific wavelength enters 
the light-receiving unit 91'. It should be noted that 
the wavelength selection portion 96B' may be omitted. 

In the light sensor 8B, the reagent pads 71 are 
irradiated with light from the four light-emitting units 

10 90', and reflection light from the reagent pads 71 is 
received in the single light-receiving unit 91'. 
Therefore, in the light sensor 8B, the quantity of light 
emitted onto the reagent pads 71 can be increased, thus 
securing a larger quantity of reception light in the 

15 light-receiving unit 91' . As a result, even when light 
measurement is performed on the basis of scattered light, 
which tends to produce a small quantity of reception light, 
for example, the light can be measured appropriately. 

In the light sensor 8B, wavelength selection 

20 portions may be provided on recesses 97' to which the 
light-emitting units 90' are fixed such that the 
wavelength of light entering the light guide 92 from each 
recess 97' is selected. In this case, each wavelength 
selection portion may be constituted to transmit light 

25 of the same wavelength or light of a different wavelength, 
depending on the constitution of the test tool 7. 

In a light sensor 8C shown in Fig. 13B, the output 
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light-guiding portion of the light sensor 8A (see Figs. 
11 and 12) is constituted by an optical fiber 93'. The 
optical fiber 93' comprises a core portion 93B' formed 
transparently, and a cladding portion 93C' surrounding 
5 the core portion 93B' and having a smaller refractive 
index than the core portion 93B' . The optical fiber 93' 
is surrounded by an outer shell portion 94 ' . 

With the light sensor 8C, the reagent pads 71 can 
be irradiated efficiently with light from the 

10 light-emitting unit 90 due to the action of the optical 
fiber 93' . As a result, the quantity of light received 
in the 1 i gh t - r ece i vi ng unit 91 can be increased. 

Similarly to the light sensor 8C (see Fig. 13B), 
in a light sensor 8D shown in Fig. 13C, a light guide 

15 92 " is constituted by a core portion 93" and an outer 
shell portion 94" surrounding the core portion 93". 
However, in the light sensor 8D, the core portion 93" 
has a higher refractive index than the outer shell portion 
94", the outer shell portion 94" functions as a cladding 

20 layer, and the entire light guide 92" constitute an 
optical fiber. In the light sensor 8D also, the reagent 
pads 71 can be irradiated efficiently with light from 
the light-emitting unit 90, and therefore the quantity 
of light received in the 1 ight -receiving unit 91 can be 

25 increased. 

In a light sensor 8E shown in Fig. 14A, a 
light-shielding mask 88 is deposited so as to cover the 
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output surface 93A and entrance surface 94A of the light 
guide 92 in the light sensor 8A shown in Figs. 11 and 
12. Of the light reflected on the reagent pads 71 of 
the test tool 7, the light-shielding mask 88 causes light 
5 reflected on the reagent pads 71 at an angle of 45 degrees 
or substantially 45 degrees to enter the light guide 92, 
and accordingly the light-receiving units 91. The 
entire light-shielding mask 88 is formed from a material 
which absorbs light easily, and as shown in Fig. 14B, 

10 is formed with five through holes 88a, 88b corresponding 
to the sum total of the light-emitting unit 90 and 
light-receiving units 91. 

In Fig. 14B, the part shaded in cross hatching 
denotes the light-shielding mask 88. The through hole 

15 88a transmits light emitted from the light-emitting unit 
90 and output from the light guide 92, whereas the through 
holes 88b transmit light reflected by the reagent pads 
71 toward the light guide 92. This type of 

light-shielding mask 8 8 may be formed by vapor deposition 

20 or printing using a black resin material, for example. 

In the light sensor 8E, of the light that is reflected 
on the reagent pads 71, only light reflected at an angle 
of 45 degrees or substantially 45 degrees is received 
in the light-receiving unit 91, and the remaining light 

25 is absorbed by the light-shielding mask 88. Hence, 
target reflection light required for light measurement 
can be caused to enter the light-receiving units 91 
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selectively, and therefore, if the light sensor 8E is 
used, the analysis precision is improved. 

The light-shielding means may take the forms shown 
inFigs. 15Aandl5B. In a light-shielding mas k 8 8 ' shown 
5 in Fig. 15A, a through hole 88b* is formed in annular 
form for transmitting light that is reflected by the 
reagent pads 71 (see Fig. 14A) toward the light guide 
92. In other words, the light entering all of the 
light-receiving units 91 is restricted by the single 

10 through hole 88b'. In contrast, the light-shielding 
means shown in Fig. 15B comprise four annular 
light-shielding masks 88" provided individually for each 
light-receiving unit 91. 

In a light sensor 8F shown in Fig. 16, a light shield 

15 89 is provided separately from the light guide 92 and 
disposed at a remove from the light guide 92. Although 
not shown clearly in the drawing, the light shield 89 
is formed with through holes 89a, 89b in a similar 
arrangement to the light-shielding masks 88, 88' shown 

20 in Figs. 14B and 15A. When the light shield 89 is 
constituted separately from the light guide 92, the light 
shield 89 is fixed to the slider 60 (see Fig. 7), for 
example, so as to move together with the light guide 92. 

The light-shielding masks 88, 88' , 88" andthe light 

25 shield 89, described with reference to Figs. 14 through 
16, are examples, and the form thereof may be modified 
in various ways as long as the target reflection light 
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can be received selectively in the light-receiving unit. 
Moreover, the light shield may be employed not only in 
the light sensors shown in Figs. 11 and 12, but also in 
the other light sensors. 
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